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Abstract
In the German-speaking area, recent years have seen a rapid growth of the need for forensic age estimations. Such need arises,
for example, if no verified information on the age of a person suspected of a criminal offence is available; the issue at question in
terms of criminal law is whether the person concerned has reached the age of criminal responsibility and whether general
criminal law in force for adults is to be applied. The relevant age tresholds in criminal proceedings are 14, 18 and 21 years of age.
According to recommendations of the Study Group on Forensic Age Diagnostics, a forensic age estimate should consist of a
physical examination, an X-ray of the hand, and a dental examination which records dentition status and evaluates an
orthopantomogram. In addition, a radiological or CT examination of the clavicles is recommended to establish whether a person
has attained 21 years of age.
The present article addresses the influence of ethnic origin on the examined developmental systems.
# 2004 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction
As a result of the rise of cross-border migration in recent
years, many European countries have seen an increase in the
number of foreigners who cannot provide documentary
evidence for their date of birth. Because of this development,
determination of a person’s age has become an integral part
of forensic practice. The number of age diagnoses made
every year in the German-speaking area soared from 185 in
1996 to approximately 500 at present [14]. The persons
under examination are foreigners without valid identification
documents who are suspected of making false statements
about their age and whose genuine age is relevant in criminal
proceedings for deciding whether they have reached the age
of criminal responsibility and whether general criminal law
in force for adults is to be applied. German criminal law
defines three age thresholds: 14, 18 and 21 years [6].
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The Xth Lübeck Meeting of German Forensic Physicians
in December 1999 provided the opportunity for a first
transregional analysis of the current state of forensic science
with respect to the determination of a person’s age. The
conference proposed that a study group composed of forensic physicians, dentists, radiologists, and anthropologists
should be set up to develop guidelines for issuing expert
opinions in order to standardize the as yet rather heterogeneous procedure and to implement quality assurance policies
in this area. The interdisciplinary Study Group on Forensic
Age Diagnostics (http://www.charite.de/rechtsmedizin/agfad/
index.htm) was constituted in Berlin in March 2000 and
currently comprises 76 members from the German-speaking
countries, from Belgium, France, Norway, Spain and the
United States of America. This Study Group has drawn
up guidelines for carrying out age estimates on living individuals for the purpose of criminal proceedings [13]. With a
view to quality assurance, the Study Group on Forensic Age
Diagnostics organizes annual ring experiments; participants
will receive a certificate issued by the Board of the Study
Group.
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2. Methods
According to the recommendations of the Study Group on
Forensic Age Diagnostics, age estimates carried out for the
purpose of criminal proceedings should consist of a physical
examination which also records anthropometric data, signs
of sexual maturation as well as potential age-relevant developmental disorders, an X-ray of the left hand, and a dental
examination which records dentition status and evaluates an
orthopantomogram. In addition, a radiological or CT examination of the clavicles is recommended to establish whether
the person concerned has attained 21 years of age [13]. With
a view to increasing the accuracy of age estimates and to
identifying age-relevant developmental disorders, a combination of the methods mentioned above should be used; it
must be ensured, however, that each examination is carried
out by an expert with forensic experience. The expert in
charge of coordinating all examinations has to summarize
the results in a final age diagnosis.
In Germany any X-ray examination that is not based on
medical indication has to be authorized by a court order
under Section 81a of the Code of Criminal Procedure
(StPO), because under Section 25 of the X-Ray Ordinance
(RöV) such examinations must be allowed for by law. There
is no reason to fear that the amount of radiation a person is
exposed to during the necessary X-ray examinations will
have a detrimental effect on his/her health [5,12].
The physical examination determines anthropometric
measures such as height and weight, constitutional type,
alongside visible signs of sexual maturity. Tanner staging for
sexual maturation [16] is commonly used for this purpose.
Of the forensic methods recommended for age determination, sexual maturation shows the largest range of variation
and therefore should be used for age determination purposes
only in conjunction with the evaluation of skeletal maturity
and tooth development. However, the physical examination
is indispensable to rule out possible visible age-related
symptoms of illness, and to check whether the results of
skeletal and tooth age determination correspond with the
development of the whole organism.
Hand X-rays form the second pillar of forensic age determination for the purpose of criminal proceedings. A basic
prerequisite for determining a person’s age by radiological
means is the physical examination in order to establish
whether the person has a disease that may affect skeletal
development. Criteria for evaluating hand radiographs include
the form and size of bone elements and the degree of ossification of epiphyseal cartilages. The X-ray image is compared
with standard images of the relevant age and sex (radiographic
atlas) [4,19], or the degree of skeletal maturity is determined
for selected bones (single bone method) [10,17,18].
The main criteria evaluated during dental examination are
the eruption and mineralization of third molars. Third molars
usually erupt after completion of the 17th year of age (at
least in Europoid populations) [9]. After another two to four
years, the occlusal plane is reached [1]. However, significant

differences between individuals must be expected, so that
examination results must be dealt with carefully. Tooth
mineralization is evaluated based on what is known as an
orthopantomogram, an X-ray of the dentition. The classification of stages proposed by Demirjian et al. [2] lends itself
best for forensic purposes, since stages are defined by
changes in form and independently of speculative length
estimates.
In order to answer the legally relevant question of whether
a person has reached 21 years of age, it is particularly
important to evaluate the progress of ossification of the
cartilage at the sternal end of the clavicle, because all other
examined developmental systems have completed their
growth at this time. A number of studies are available,
examining the ossification of the medial cartilage of the
clavicle by radiological means, conventional and CT
[7,8,15]. Closure of epiphyseal growth plates and visibility
of epiphyseal scar indicates, in the case of women, that the
person is at least 20 years old, and, in the case of men, that
the person is at least 21 years old. Total fusion of epiphyses
with disappearance of the epiphyseal scar was observed in
both genders at the age of 26 at the earliest [15].

3. The influence of ethnicity on the examined
developmental systems
The main countries and regions of origin of persons to be
examined for age determination purposes in the Germanspeaking area are Africa, Turkey, Romania, the Balcans,
Lebanon and Vietnam [3]. Since reference studies that could
be used for forensic purposes are generally not available for
these areas of origin, the question arises whether there are
significant developmental differences between various ethnic groups which would contradict the application of relevant age standards to members of an ethnic group other than
the reference population.
As far as the relevant age group is concerned, ethnic
origin apparently exerts no noteworthy influence on skeletal
maturation. The progress of ossification depends primarily
on a population’s socio-economic status. Relatively low
socio-economic status delays development and is likely to
result in an underestimation of a person’s age. Use of
standard reference studies when examining members of
socio-economically less developed populations does not,
however, put the person concerned at a disadvantage in
terms of criminal law—quite the reverse [11].
Given the scarce amount of data available, further
research on the influence of ethnicity on eruption and
mineralisation of third molars is needed.
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